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LEGAL NOTICE 

This report was prepared by Radian Corporation for Southern Company 

Services, Inc. pursuant to a cooperative agreement partially funded by the U.S. 

Department of Energy and neither Southern Company Services, Inc., nor any of its 

subcontractors, nor the U.S. Department of Energy, nor any person acting on behalf of 

either: 

1. Makes any warranty or representation, express or implied with 
respect to the accuracy, completeness, or usefulness of the 
information contained in this report or that any process disclosed in 
this report does not infringe upon privately-owned rights; or 

2. Assumes any liabilities with respect to the use of or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

Reference herein to any specific commercial product, process, or service by 

trade name, trademark, manufacturer, or otherwise does not necessarily constitute or 

imply its endorsement, recommendation, or favoring by the U.S. Department of Energy. 

The views and opinions of authors expressed herein do not necessarily state or reflect 

those of the U.S. Department of Energy. 
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EXECUTIVE SUMMARY 

This report sumrnarizes the results obtained during Environmental 

Monitoring Program (EMP) activities conducted during the second testing phase of an 

Innovative Clean Coal Technology (ICCT) demonstration of advanced wall-fired 

combustion techniques for the reduction of nitrogen oxide (NO,) emissions from 

coal-fired boilers. This second phase demonstrates the Advanced Overfire Air (AOFA) 

retrofit with existing Foster-Wheeler (FWEC) burners. The project is being conducted at 

Georgia Power Company’s Plant Hammond Unit 4 located near Rome, Georgia. 

The primary goal of this project is to characterize the effectiveness of low 

NOx combustion equipment through the collection and analysis of long-term emissions 

data supported by short-term characterization data. During each test phase, diagnostic, 

performance, long-term, and verification tests are performed. The advanced combustion 

techniques used in this demonstration project are being tested using the following phased 

approach: 

Phase 1: Baseline testing on the “as found” Unit 4 boiler; 

Phase 2: AOFA installation and testing; 

Phase 3a: Low NO, burner (LNB) installation and testing; 

Phase 3b: LNB plus AOFA testing. 

EMP activities consist of sampling and analysis activities performed during 

each phase’s testing periods, together with compliance monitoring performed on gaseous 

and aqueous streams. Energy Technology Consultants, Inc. (ETEC) is responsible for 

the preparation of interim test reports on each project phase, as well as a comprehensive 

test report to be prepared at the end of the project. Radian Corporation is responsible 

to Southern Company Services, Inc. (SCS) for the preparation of the EMP reports. 
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During Phase 2, a total of 82 diagnostic, 9 performance and 15 verification 

tests were performed. Ninety-hvo days of long-term testing were conducted. All of the 

sampling and analytical methods used were specified and approved in the Environmental 

Monitoring Plan that was prepared for this project. 

EMP monitoring conducted during Phase 2 testing periods showed the 

following: 

. AOFA operation resulted in lower NO, emissions from Unit 4, 
compared to the baseline testing conducted under Phase 1. Based 
on the analysis of the long-term test data, a reduction in NOX 
emissions of about 24% was obtained while operating at high loads. 
The reduction decreased to about 12% when operating at a load of 
300 MWe. 

. AOFA operation resulted in increased levels of LO1 and carbon, 
indicative of a small decrease in overall coal utilization, compared 
to baseline operation. The observed impact was smallest for the 
bottom ash, while the loss on ignition (LOI) and carbon content of 
the fly ash increased by nearly a factor of two compared to baseline. 
The LO1 appeared to consist primarily of unburned carbon. 

. Carbon monoxide emissions also increased relative to baseline until 
the excess oxygen levels were raised. During long-term testing, 
lower carbon monoxide emission rates were lower than those 
observed than during baseline testing. 

. Generally low levels of total hydrocarbon (THC) emissions were 
found during Phase 2 long-term testing (0.0005 to 0.002 lb/MMBtu). 

. Sulfur dioxide emissions during both Phases 1 and 2 were 
comparable. No trends were observed between SQ emission rates 
and operating conditions. Although SG- emissions will vary with 
coal sulfur content, the large amount of data scatter and the small 
variation in coal sulfur content made it impossible to verify the 
existence of a relationship. 
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. Relative to Phase 1 baseline testing, AOFA operation did not 
appear to have any impact on either the ratio of Sq to Sq 
concentrations or on the resistivity of the fly ash entering the ESP. 
Based on these results, ESP effkiency during AOFA operation 
should be similar to baseline operation. 

. Aqueous stream monitoring showed no exceedances of permit limits 
for any of the monitored parameters during the Phase 2 testing 
period. 
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1.0 lNTRODUCI’ION 

As an Innovative Clean Coal Technology demonstration, this project, 

entitled “500 MWe Demonstration of Advanced, Wall-Fired Combustion Techniques for 

the Reduction of Nitrogen Oxide (NO,) Emissions from Coal-Fired Boilers,” is required 

to develop and implement an approved Environmental Monitoring Plan (EMP). The 

EMP for this project was prepared by Radian Corporation for Southern Company 

Services, Inc. (SCS) and submitted to DOE on September 14, 1990 ’ . The EMP 

includes supplemental and compliance monitoring of a number of gaseous, aqueous, and 

solid streams. 

This report presents the results of EMP activities conducted during Phase 2 

(Advanced Overfire Air Retrofit) of the project. 

1.1 Proiect Descriotion 

Southern Company Services signed a Cooperative Agreement for this ICCT 

Round II project on December 20, 1989. The project is investigating a number of 

retrofit NO, reduction techniques on Unit 4 at Georgia Power Company’s Plant 

Hammond, near Rome, Georgia. Emissions and performance are being characterized 

for this wall-fired boiler while operating in the following configurations: 

. Baseline (“as-found”) configuration - Phase 1; 

. Advanced Overfire Air (AOFA) retrofit - Phase 2; 

. Low NOx burner (LNB) retrofit - Phase 3a; and 

. Combined AOFA and LNB configuration - Phase 3b. 

‘Some changes in the EMP are currently under consideration by DOE. 
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The major objectives of the project are to: 

. Demonstrate (in a logical stepwise fashion) the performance of 
three combustion NOx control technologies (i.e., AOFA, LNB, and 
AOFA plus LNB); 

. Determine the short-term NO, emission trends for each of the 
operating configurations; 

. Determine the dynamic long-term NOx emission characteristics for 
each of the operating configurations using advanced statistical 
techniques; 

. Evaluate progressive cost-effectiveness (i.e., dollars per ton of NO, 
removed) of the low NO, technologies tested; and 

. Determine the effects on other combustion parameters (e.g., CO 
production, carbon carty-over, particulate characteristics) of applying 
the low NO, combustion technologies. 

Each of the four project phases involve three distinct testing periods: 

short-term characterization, long-term characterization, and short-term verification. The 

short-term characterization testing establishes trends of NO, emissions, as related to 

various operating parameters and establishes the influence of the operating mode on 

other combustion parameters. The long-term characterization testing, which takes place 

over 50-80 days (or more) of continuous testing, establishes the dynamic response of NOx 

emissions while the unit is operated under normal system dispatch conditions. The 

short-term verification testing is conducted to determine if any fundamental changes in 

NO, emission characteristics occurred during the long-term test period. 

EMP activities consist of sampling and analysis activities performed during 

each phase’s testing periods, together with compliance monitoring performed on gaseous 

and aqueous streams. Energy Technology Consultants, Inc. (ETEC) prepares Phase 

Reports containing all of the results obtained in fulfillment of the project’s objectives as 

outlined above. The reader is referred to the report entitled “Innovative Clean Coal 

Technology (103) 500 MW Demonstration of Advanced Wall-Fired Combustion 
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Techniques for the Reduction of Nitrogen Oxide (NO,) Emissions from Coal-Fired 

Boilers; Phase 2 - Overfire Air Tests,” by Lowell S. Smith and Matthew P. Cooper of 

ETEC, which was cleared for publication by DOE Patent Counsel on July 13, 1992. 

Radian has prepared this EMP Phase 2 Report that presents the data obtained in 

fulfiiment of the monitoring requirements outlined in the EMP. 

L2 Pmkct Oreanization 

The project organization is shown in Figure 1-1. The Project Manager is 

provided by SCS, and has overall responsibility for project execution. ETEC has 

responsibility for both the on-site testing and the analysis of data for all project phases. 

Spectrum Systems, Inc. provides a full-time, on-site instrument technician who is 

responsible for operation and maintenance of the data acquisition system (DAS), which 

is housed within the instrument control room. Southern Research Institute (SoRI) is 

responsible for testing related to the flue gas particulate measurements during the 

performance testing portion of the short-term characterization tests. Flame Refractories, 

Inc. (Flame) is responsible for activities related to fuel/air input parameters and furnace 

output temperature measurements during the performance testing portion of the short- 

term characterization tests. W. S. Pitts, Inc. (WSPC) is responsible for analysis of the 

emission and performance data for the long-term characterization tests. Radian 

Corporation is responsible to SCS for EMP activities, including preparation of the 

Environmental Monitoring Plan, and associated quarterly, annual, and phase reports. 
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1.3 Hammond Unit 4 Descriotion 

Four generating units, with a total capacity of 800 MW, operate at 

Plant Hammond. Units 1 through 3 are 100 MW wall-fired boilers. Unit 4, a Foster 

Wheeler opposed wall-fired boiler rated at 500 MW, is the site of the ICm combustion 

modification project. Six mills provide pulverized eastern bituminous coal to 24 

Intervane burners arranged in a matrix of 12 (three rows of four burners) on the front 

and rear walls. Each mill provides coal to four burners. 

Unit 4 is a balanced draft unit with two forced draft and three induced 

draft fans. Particulate emissions are controlled by a cold side ESP. The flue gases exit 

the economizer through two Ljungstrom air preheaters, pass through the cold side ESP, 

then through the induced draft fans and finally out to the stack. All four units at 

Plant Hammond exhaust to a single 750 foot high stack. The exhaust gas streams from 

Units 1-3 are combined and discharged through a single liner, while Unit 4 exhausts 

through a separate liner. 

Wastewater from low-volume waste streams, coal pile runoff, and the ash 

sluice system flows into three on-site ash ponds, from which blowdown is discharged, 

along with once-through cooling water, to the Coosa River. Solid waste, in the form of 

bottom ash and fly ash, is sluiced to the ash pond system. 

Figure 1-2 is a simplified schematic flow diagram of Unit 4 showing the 

major coal, air, and flue gas streams, as well as the locations of the EMP sampling 

points. 

For Phase 2, an advanced overfire air system was retrofitted to the unit, 

consisting of ducts, dampers, various instrumentation and controls, and OFA ports above 

the top burner rows on both the front and rear furnace walls. The overfire air is 

extracted from the two main secondary air ducts between the air flow venturis and the 
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Figure 1-2. Unit 4 Schematic Flow Diagram 
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entrances to the combustion air windbox. Figure 1-3 shows the major components of the 

AOFA retrofit. 

1.4 Report OraaniZatiOn 

The remainder of this report is organized as follows: 

. Section 2 discusses the EMP monitoring planned for each of the test 
periods during Phase 2; 

. Section 3 briefly summarizes the sampling and analytical methods; 

. Section 4 presents and discusses the gas stream monitoring results; 

. Section 5 presents and discusses the aqueous stream monitoring 
results; 

. Section 6 presents and discusses the solid stream monitoring results; 

. Section 7 discusses EMP-related quality assurance/quality control 
activities performed during Phase 2; 

. Section 8 provides a summary of reports that were prepared of 
compliance monitoring activities; and 

. Section 9 presents conclusions based on the EMP monitoring results. 

Appendix A contains data tables for each of the streams monitored as part 

of the EMP. 
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Figure 1-3. AOFA Retrofit Configuration (Source: ETEC Phase 2 Report) 
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2.0 PHASE 2 EMP MONITORING 

Phase 2 consisted of three test elements: short-term characterization, long- 

term characterization, and short-term verification tests. 

Short-term characterization tests are performed to establish the trends of 

Nox emissions under the most commonly used boiler operating conditions. The short- 

term testing is in turn divided into two elements: diaenostic tests and performance tests. 

Diagnostic tests are used to establish gaseous emission trends, and last from one to three 

hours at each set of operating conditions. Performance testing is used to establish boiler 

effkiency and steaming capability as well as gaseous and particulate emissions and mill 

performance. Each performance test lasts from 10 to 12 hours. All of the short-term 

characterization tests are conducted with the unit in a fixed configuration while it is off 

system load dispatch, to ensure steady boiler operation. The primary operating 

parameters that were varied during these tests included boiler load, excess oxygen, mill 

pattern, mill bias, and AOFA damper position. The emphasis of the EMP is on the 

gaseous and particulate emissions data obtained during these tests, as well as the coal 

feed characteristics. During Phase 2, a total of 82 diagnostic tests and 9 performance 

tests were conducted. 

Long-term testing is conducted under normal system load dispatch control. 

At all load levels above 280 Mwe, the AOFA dampers were set in the 50% open 

position. Between 180 Mwe and 280 Mwe the dampers were maintained at 20% open; 

they were shut off below 180 Mwe. Long-term testing provides emission and operational 

results that are subsequently subjected to sophisticated statistical analysis to obtain a true 

representation of the emissions from the unit. Data are recorded continuously over the 

entire long-term testing period, which lasted 92 days during Phase 2. 

Following the long-term testing period, verification testing is conducted to 

determine whether changes in unit condition and coal feed have occurred that might 
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have an impact on the interpretation of the long-term test data. Verification tests are 

conducted in a manner similar to the diagnostic tests; four or five basic test 

configurations are tested during this short effort. A total of 15 verification tests were 

conducted during Phase 2. 

Table 2-l is a summary of the tests performed during Phase 2. For each 

series of tests, the table shows the dates, number of tests, and the total days of testing. 

This information was used to determine the total number of planned samples for each 

parameter during each series of tests. 

Tables 2-2, 2-3, and 2-4 present the EMP integrated monitoring schedules 

for gaseous, aqueous, and solid streams, respectively, for Phase 2. 
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Table 2-l 

Phase 2 (AOFA) Test Summary 

Performance 

NA = Not applicable. 

2-3 



Table 2-2 

Gaseous Streams: Integrated EMP Monitoring Schedule 
Plant Hammond 

4 a b a b P ac 

MC a ac 

sqm ‘m 

Paniculatc Matter: 

Lnading 3/r 44 

Sii Ditribution 3lr 

caltlon Content. 9% d 

Las-on-Ignition d 

Rcrisltity 3/r 

1. Monitonng phase OlemmU: 
0 - Diagnostic tests 
P = Pclfommnce testi 
L - Long--remI lcIS 
V - Verbicalion tests 

2. Monitofing frequency 
a - At lurt2averngcrpcrtcst 
b - Al kast 10 avenges per test 
d - Compaite of solids fmm mass loading mcas~rcmcnt 

“P- = Smplcd a minimwn of n timer per test 
C - Continuous 
A - Annual 

[cl - Compliance panmcrcr 

3. ‘h WE, ‘EM is mnAg,ned so that flue gas samples can bt draw,, fmm the cmnomizw W‘LCI. air hea,c, outlet. and ruek. Eept for the stack 
pmbc. aI1 lines pas through individual flow mntml M~KI and bubblen. 

4. Opacity is measured in the stack using a dedicated monikx. 
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Table 2-3 

Aqueous Streams: Integrated Monitoring Schedule 

Notes: 

1. Ash pond emergency overflow is sampled only during discharge. 

2. Monitoring frequency: 

2/M = Twice per month. 

[c] = Compliance monitoring. 
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3.0 SAMPLING AND ANALYTICAL METHODS 

The sampling and analytical methods specified by the Environmental 

Monitoring Plan and used during Phase 2 are summarized in Tables 3-1 through 3-3. 

The reader should refer to the ETEC Phase Reports for additional details on the 

sampling and analytical methods used in this project. 

There were no deviations from the sampling and analytical methods 

specified in the EMP. 

3.1 Gaseous Stream Parameters 

The KVB Extractive Continuous Emissions Monitor was used to provide 

quantitative analyses for NOx, SQ, CO, 4, and total hydrocarbons. SoRI was 

responsible for solid and sulfur (SG-, SO,) emissions testing, which included 

measurement of particulate matter loading, size distribution, ash resistivity, carbon 

content, and LOI. 

3.2 Aaueous Stream Parameters 

The streams and parameters to be monitored and the monitoring schedules 

are specified in the Georgia Department of Natural Resources NPDES Permit No. 

GA0001457. Georgia Power personnel obtain samples and perform all aqueous 

parameter analyses. Results were obtained from Operation Monitoring Reports 

submitted by Georgia Power. 

3.3 Solid Stream Parameters 

Plant personnel obtained coal, bottom ash, and ESP fly ash samples. The 

CEGRIT on-line samplers automatically collected grab samples of fly ash in the furnace 
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Table 3-1 

Sampling and Analytical Methods Summary: Gaseous Streams 

Parameter Sampling Method 
Analytical 

Method/Instrument 

Opacity 

So, 

__ 

GAS 

Lear Siegler Opacity Monitor 

Western Research Ultraviolet 

co 

N4 

GAS 

GAS 

Siemens NDIR 

TECO Chemiluminescence 

GAS Thermox 9 Electroanalytic 
(stack gas) and Yokagawa in- 
situ Q probes (economizer 
outlet and air ureheater outlet) 

So, 

Total Hydrocarbons 

Cheney-Homolya Titration 
Controlled Condensation 

GAS Rosemount FID 

Particulate Matter: 
Loading 
Size Distribution 
Carbon Content, % 
Resistivity 

EPA Method 17 
Isokinetic 

EPA Method 17 
In-Situ Probe 

Gravimetric 
Gravimetric 

Electrode Cell 

GAS = Continuous extractivc and in situ gas analysis system. 
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Table 3-2 

Sampling and Analytical Methods: Aqueous Streams 

Parameter I Analytical 
Samoling Method Method/Instrument 

Total Suspended Solids Grab Filtration/Drying/Gravimetric; 
EPA 160.2 

PH Grab Electrometric; 
Std Methods 432 

Oil and Grease Grab Freon Extraction/Gravimetric; 
EPA Method 413.1, SM 503A 

Table 3-3 

Sampling and Analytical Methods: Solids Streams 

Parameter 

Ultimate Analyses 

Sampling Method Analytical Method 

Grab/Composite Combustion/Gravimetric/Titration; 
ASTM D3176 

Moisture Content Grab/Composite Gravimetric; ASTM D3173 

Chlorine Grab/Composite Fusion/K or Titration; ASTM D2361 

Higher Heating Value Grab/Composite Combustion; ASTM D2015 

Sulfur Grab/Composite High Temperature Combustion; 
ASTM D3177 

Ash Grab/Composite Combustion/Gravimetric; 
AST’M D3174 

Volatile/Semivolatile 
Oreanics 

Grab/Composite Purge-and-Trap or Extraction/GC/MS/ 
Analvses: EPA 8240. 8270 
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backpass. Coal samples were shipped to Alabama Power’s General Test Laboratory in 

Birmingham, where they were subjected to proximate and ultimate analyses. Loss-on- 

Ignition (LOI) measurements were performed on bottom ash, ESP fly ash, and CEGRIT 

fly ash. 
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4.0 GASEOUS STREAM MONITORING RESULTS 

This section presents the results of the gaseous stream EMP monitoring 

performed during the period covered by Phase 2. These results are also compared to 

those obtained during Phase 1 (baseline) monitoring. Three gas streams were monitored 

as specified in the EMP: economizer outlet gas, air preheater outlet gas, and stack gas. 

Table 4-1 presents the actual and planned Phase 2 gaseous stream 

monitoring. As shown in this table, most of the planned EMP monitoring was performed 

during Phase 2. In some cases, especially for the economizer outlet gas and stack gas, 

more than the planned amount of monitoring was actually conducted. It appears that 

monitoring of the preheater outlet gas was not conducted as planned during the 

diagnostic and verification test periods. However, the emphasis of the EMP is on the 

stack gas data, except for the SQ/SQ- and particulate matter monitoring data obtained 

from the preheater outlet gas. Sufficient data were obtained from the preheater outlet 

gas stream for these parameters, and from the stack gas for the other parameters, from 

which to develop analyses and draw conclusions. 

Appendix A contains all of the short-term results in tabular form. The 

daily averages obtained during long-term testing are also listed. 

The following sections present the results of the Phase 2 testing for gaseous 

streams, primarily in graphical form. These results are also compared to those from the 

Phase 1 baseline testing. The short-term monitoring results for the stack gas stream 

were selected for presentation since all of the long-term monitoring was also done on the 

stack gas. These results are presented in Section 4.1 The SO,/Sq and particulate 

matter results for the preheater outlet gas are presented in Section 4.2. The long-term 

stack gas testing results are presented in Section 4.3. Section 4.4 presents the results of 

compliance monitoring conducted during Phase 2. 
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4.1 Short-Term Results for the Stack Gas 

This section presents the short-term stack gas monitoring results for NOX, 

SQ, total hydrocarbons, and CO. 

4.1.1 Nitrogen Oxides Emissions 

In Figures 4-l through 4-4, NO, emission data obtained during all three of 

the Phase 2 short-term testing periods are presented as a function of stack gas oxygen 

concentration for each of the four nominal operating load levels at which testing was 

performed (i.e., 480, 450, 400, and 300 MW). Data are presented from the tests 

conducted with the AOFA damper in the 50% open position. As explained in the ETEC 

Phase 2 report, the diagnostic tests showed that this position was the “optimum” over the 

load range, taking into account both NOX reduction and effects on boiler operation (e.g., 

excess oxygen level impacts on CO concentration and carbon loss). Consistent results 

were obtained during diagnostic, performance, and verification tests at each load level. 

As expected, the NO, emission rate increased at higher flue gas oxygen levels. Figures 

4-1, 4-3, and 4-4 also present graphical comparisons of the Phase 2 results with those 

obtained during all of the Phase 1 baseline testing at 480, 400, and 300 MW, respectively. 

Compared with the baseline tests, reductions in NO, emissions were obtained at each 

load level using AOFA. Although emission trends were investigated during short-term 

testing, only the long-term test results were intended to be used in determining 

achievable NOX reductions. The long-term data are presented in Section 4.3. 

4.1.2 Sulfur Dioxide Emissions 

As expected, no relationships were indicated between stack gas SC+ 

emissions and operating load or flue gas oxygen concentration during Phase 2. Although 
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the SQ emissions are related to coal sulfur content, the variation in coal sulfur content 

was too small, and the SQ data scatter was too great to define this relationship. 

The SQ emissions observed during short-term monitoring for Phases 1 and 

2 generally fell in the same ranges, consistent with the small variation in coal sulfur 

between the two phases. 

4.15 Total Hydrocarbons Emissions 

Figure 4-5 is a graphical presentation of the Phase 2 short-term stack gas 

THC concentration plotted as a function of load. No correlation was found between 

THC concentration and load or oxygen concentration. The THC level during the Phase 

2 short-term testing varied from 1 to 4 ppmv (corrected to 3% 9). Figure 4-5 also 

includes the ‘ITIC levels measured during Phase 1. In general, the Phase 1 THC data 

showed considerably more scatter, and the average THC concentration at each load level 

was slightly higher, than for the Phase 2 results. 

4.1.4 Carbon Monoxide Emissions 

The short-term stack gas CO concentration data for Phases 1 and 2 are 

presented in Figure 4-6. As with THC, no relationships were found between CO 

concentration and load or oxygen concentration based on the short-term data. The 

Phase 2 data showed more scatter than those for Phase 1, and the average CO 

concentration was higher in Phase 2. 

4.2 Short-Term Results for Preheater Outlet Gas 

Monitoring for SQ /SC+ and several particulate matter parameters was 

conducted on the preheater outlet gas stream was conducted during the Phase 2 

performance testing period. Results are summarized in this section. 
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4.2.1 SO,/SC+ Ratio 

During combustion, the majority of the coal sulfur is converted to sulfur 

dioxide, while a small fraction is further oxidixed to sulfur trioxide. The concentration of 

sulfur trioxide is important from an environmental standpoint, since it will form sulfmic 

acid in the presence of water vapor. It is also important from a process standpoint, since 

it has a beneficial impact on the operation of the electrostatic precipitators. 

The average ratios of SQ to Sq concentrations measured at each load 

level are shown in Figure 4-7 for both Phase 1 and Phase 2 tests. The 95% confidence 

interval about the mean is included for the Phase 2 tests conducted at an AOFA damper 

position of 50 percent. As indicated previously, this position was found to be the 

“optimum” during the diagnostic tests. For comparison purposes, the mean vahres of the 

SO,/SCJ ratio obtained at an AOFA damper position of 75% are also shown. 

During baseline tests at a load of 300 MW, the excess oxygen was 

4.0 to 4.4% compared to levels from 2.4 to 3.5% during other baseline tests. This is 

probably the reason for the higher Sq/Sq ratio observed for the baseline tests at this 

load. The data for the 400 MW, 50% AOFA test showed a lower SQ value than for the 

other Phase 2 tests. This may have been the result of the low gas temperatures 

experienced during this test, which could have resulted in sub-dewpoint operation. At 

full load, the ratios observed during the baseline, 75% AOFA, and 50% AOFA tests 

were very comparable. Based on the available data, it does not appear that AOFA 

operation affected the amount of SQ which is formed. The excess oxygen level has the 

biggest impact on SQ formation. 

422 Particulate Loading 

Particulate loading was measured in the flue gas exiting the air preheater. 

Average loadings measured at 300, 400, and 480 MW are shown in Figure 4-8 for both 
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Phase 1 and Phase 2 tests. The 95% confidence interval about the mean is shown for 

the Phase 2 tests conducted at an AOFA damper position of 50 percent. For 

comparison purposes, the mean values obtained during the baseline test and at AOFA 

damper positions of 0 and 75% are also presented. From these results, it does not 

appear that AOFA operation had a significant impact on the particulate loading in the 

flue gas at the inlet to the ESP. 

4.2.3 Particle Size Distribution 

Figure 4-9 shows the size distribution of the particulate matter in the 

preheater outlet gas measured during Phase 2. The results are very similar to those 

obtained during Phase 1. 

4.2.4 Carbon and LOI Content 

The amount of unburned carbon and the loss on ignition (LOI) measured 

in samples of fly ash particulates are indicators of Unit 4 combustion efficiency during 

the test period. These two parameters were measured using particulate samples 

collected to determine particulate loading. The results, shown in Figures 4-10 and 4-11 

show that AOFA operation had a significant impact on the amount of carbon remaining 

in the fly ash; the amount of carbon in the fly ash during AOFA operation was nearly 

two times that observed during baseline testing. Comparable carbon and LOI contents 

were measured at AOFA damper positions of 50 and 75 percent. The values obtained at 

the damper position of 0% (i.e., closed damper), are comparable to those obtained 

during baseline testing. Figure 4-12 shows the correlation between the LOI and the 

carbon content of the fly ash, indicating that the measured LOI was primarily carbon. 
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4.2.5 In-Situ Particle Resistivity 

The resistivity of the particulate matter entering an ESP is an important 

variable that may impact particulate removal efficiency. The authors of the ETEC Phase 

2 report suggest that ESP performance may be adversely impacted if the resistivity 

exceeds 2 - 5 x lOi0 ohm-cm. The in-situ resistivities of the particulates were measured 

using the spark method, and the average resistivities are plotted versus nominal load in 

Figure 4-13 for both Phase 1 and 2 operation; similar results were obtained using the 

voltage-current (V-I) method to measure resistivities. It does not appear that AOFA 

operation had any deleterious impact on the particulate resistivity, and the use of AOFA 

should not lead to degradation in ESP performance. In fact, the highest average 

resistivity was found for the particles collected at a load level of 480 MW and with the 

AOFA damper closed. 

4.3 Lone-Term Monitoring Results 

Long-term testing consisted of continuous measurements of operating 

parameters while the unit was under system load dispatch control. Unit load and 

concentrations of CJ, NO,, SQ-, CO, and THC were measured and results recorded 

using the computerized data acquisition system. Five-minute average data were used to 

compute hourly averages that were in turn used to compute daily averages. Some 

five-minute data were lost due to CEM outages. In these cases, data were treated using 

an adaptation of EPA’s NSPS guidelines for determining how much data is sufficient to 

compute an hourly average for emission monitoring purposes. In the case of daily 

average emissions, only those days meeting the NSPS guideline of at least 18 hours of 

valid hourly data per day were used. 

Five-minute average data were used to evaluate the relationship between 

NOX and load and between the NO, and Q levels in the stack gas at various load levels. 

Hourly average emission analyses, calculated from the five-minute average data, were 
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used to assess hour-to-hour variations in NO, emissions C+ levels, and load. Daily 

average emission data were used to establish trends in emissions as functions of 9 

levels, and load, and to calculate 30-day rolling NO, emission levels for the entire long- 

term period. The ETEC Phase 2 report focuses on the NO= emission results. This EMP 

report summarizes the emission trends for NO,, but also presents the emission trends for 

Sq, CO, and THC, based on the daily average data. 

43.1 Nitrogen Oxides Emissions 

Daily average NO, emissions are plotted versus load in Figure 4-14. Data 

from both Phases 1 and 2 are presented. The data show that NO, emissions were 

reduced during AOFA operation compared to baseline. A statistical analysis of the five- 

minute average data shows this relationship more clearly. Figure 4-15 presents the mean 

NO, emission rate as a function of load; the reduction in NOx emissions due to AOFA 

operation is shown as a function of load level in Figure 4-16. An average reduction in 

NO, emissions of 24% was obtained during AOFA operation at high load conditions 

(460-490 MW); somewhat lesser reductions were obtained at lower loads. 

4.3.2 Sulfur Dioxide Emissions 

Daily average Sq emissions data for Phases 1 and 2 are presented in 

Figure 4-17. Although there is considerable scatter, the data from both phases appear to 

fall in the same range, consistent with the similarity in coal sulfur content between the 

two phases. The overall average emission rate for Phase 2 based on the daily average 

emission data was 2.08 lb/MMBtu. For Phase 1, an average of 2.36 lb/MMBtu was 

calculated. The slightly higher emission rate for Phase 1 is consistent with the slightly 

higher average coal sulfur content observed during Phase 1 long-term testing. 
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4.3.3 Carbon Monoxide Emissions 

Daily average CO emissions data from Phase 1 and Phase 2 long-term 

testing periods are presented in Figure 4-18. Considerably more scatter was seen in the 

Phase 1 data than for Phase 2. The overall CO emission rate observed during Phase 2 

was 0.01 lb/MMBtu; a rate of 0.04 lb/MMBtu was found for Phase 1. Part of the reason 

for this may well have been the higher oxygen concentration used at the higher load 

levels during AOFA operation, as shown in Figure 4-19. At the lower loads, the CO 

emission rates for Phases 1 and 2 were comparable. 

4.3.4 Total Hydrocarbons 

The long-term daily average THC emission rate data are presented in 

Figure 4-20. For the most part, the values obtained during Phase 2 varied from 0.0005 

to 0.002 lb/MMBtu; an overall mean rate of 0.001 lb/MMBtu was calculated. A large 

number of the data points for Phase 1 were reported as zero; it appears that there may 

have been instrument problems during these periods. During periods when nonzero 

values were obtained, the values were very similar to those obtained during Phase 2 at 

the same load levels. No relationship was found between the daily average THC 

emission rate and the flue gas oxygen concentration. 

4.4 Comoliance Monitorine Results 

As a part of the EMP, data were obtained on the opacity of the stack gas 

stream using a continuous opacity monitor. Georgia Power provides periodic reports to 

the Department of Natural Resources detailing the daily excess opacity emissions from 

each of the two plant stacks (i.e., Units 1-3 and Unit 4). Copies of these reports have 

been provided as appendices to the quarterly EMP progress reports. 
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A summary of the daily excess opacity emissions data from the Phase 2 

long-term testing period (fourth quarter of 1990 and first quarter of 1991) is provided in 

Table 4-2. The table shows the dates when the stack gas opacity exceeded the permitted 

limit, the number of six-minute averages during each day with excess emissions, the 

average opacity over all of these periods, and a short explanation of the reasons for the 

exceedances. The applicable emission limit is 40% opacity during any six-minute 

monitoring period. It is important to remember that the table contains information only 

for those periods when opacity exceedances occurred. During the majority of the time 

when the boiler was in operation the stack gas opacity below the opacity limit. 

An examination of the table shows that the majority of the excess emissions 

occurred during boiler start up or shut down periods, or when there were difficulties with 

the ESP (e.g., low power levels, arcing, trip-outs, problems or adjustments to the rapping 

mechanism or SC+ injection system). Excess emissions also occurred during periods of 

upset or unusual operation of the coal feeders or fans, or when the boiler tubes were 

being cleaned by soot blowing or deslagging. None of these conditions appears to have 

been attributable to the AOFA system, since similar causes of excess emissions were also 

observed during baseline testing. 
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Table 4-2 

Stack Gas Opacity: Summary of Excess Emissions 
During Phase 2 Long-Term Testineb 

Nomber of Sk- 
Minute Avcragcs 

with Excces 
Emission? 

4 

Average 
Opacity Reasons for Erccss Emissions 

49 dcslaggiag boiler, raisiig load, low power to ESP sections 
arcinn 

10/18/W 1 42 “D” coal feeder tripped 

10/19/!%l 1 51 “D” coal feeder tripped 

10/20/90 17 48 unit off line, washing precipitators 

10/21/90 27 a9 unit start up 
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Table 4-2 (Continued) 

Number of Six- 
Minute Avera~s 

with Excess Average 
Date Emissionti Ooacitv Reasons for Excess Emissions 

11/12/90 70 

11/15/90 1 

11/27/W 4s 

H/30/90 1 

12/01/90 2 

12/03/90 1 

92 unit start up 

43 soot blowing 

4s bringing unit back on line 

45 rapper intensity adjustment 

43 ESP section tripped, soot blowing 

46 trouble with “B” mill 

12/05/90 2 I I 50 reset raooer control. “D” mill trouble 

12/06/90 2 I I 45 ramler control out 

unit start up, “A’ fan in service, rapper control back io 



Table 4-2 (Continued) 

Number of Six- 
Mbuttc Avemps 

‘This summary was taken from Quarterly Compliance Reports submitted by Georgia Power. 

bData are shown for Unit 4 only. 

‘Tbc emission limit is 40% opacity for any six-minute averaging period. 
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5.0 AQUEOUS STRRAM MONITORING RESULTS 

This section presents the results of aqueous stream monitoring performed 

during the period covered by Phase 2. Three aqueous streams have been designated for 

monitoring: ash pond emergency overflow, ash transport water blowdown, and final 

discharge. The parameters selected for monitoring are those required for compliance 

with Plant Hammond’s existing NPDES permit. 

Table 5-1 presents the actual and planned aqueous stream monitoring. As 

shown in this table, all of the planned monitoring was performed during Phase 2. Since 

there were no discharges from the ash pond emergency outflow during this period, it was 

not necessary to monitor this stream. The aqueous stream monitoring results were taken 

from quarterly compliance reports submitted by Georgia Power Company to the 

Environmental Protection Division of the Georgia Department of Natural Resources. 

These compliance reports have also been included as appendices to the EMP Quarterly 

Reports prepared and submitted to DOE as part of this project. The data summarized 

in this section were taken from the compliance reports for the following periods: second 

through fourth quarters of 1990 and first quarter of 1991. 

Table 5-2 summarizes the environmental monitoring results obtained 

during Phase 2; averages, standard deviations, number of data points, and ranges are 

shown for each parameter. The results from Phase 2 are similar to those obtained 

previously in Phase 1. No exceedances of the regulatory limits imposed by the plant’s 

NPDES permit were found. 
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Table 5-1 

Aqueous Streams: Actual and Planned Monitoring’ 

PmmCtW 

Total Suspended Solids 

OH 

Ash Pond Ash Tnulsporl 
Emergency Overtlow Water Blowdown 

O/24= wa 

O/24’ o/o 

Final 
DiSChWgC 

o/o 

24/24 

‘24/24 = 24 measurements made/24 measurements planned. 

*There were no discharges during the reporting period. 

Table 5-2 

Aqueous Streams: Phase 2 Results 

(a) There were no discharges during the Phase 2 reporting period. 
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6.0 SOLID STREAM MONITORING RESULTS 

The results of solid stream monitoring performed during Phase 2 are 

presented in this section. 

Monitoring of four solid streams is specified in the project’s Environmental 

Monitoring Plan: coal feed, bottom ash, ESP fly ash, and CEGRIT fly ash. The coal is 

monitored to detect changes in composition that might impact the results obtained for 

the NO, reduction technologies. The bottom and fly ash are monitored for loss on 

ignition to determine the potential impacts of the NO, reduction technologies on coal 

utilization. The fly ash streams are monitored for resistivity to determine whether the 

NO= reduction technologies might affect ESP control efficiency. 

Table 6-1 shows the actual and planned monitoring frequencies for each of 

the solid stream parameters. 

6.1 Coal Analvses 

A statistical summary of the coal analyses performed during Phase 2 is 

presented in Table 6-2. Figure 6-1 presents, in graphical form, the average ultimate 

analyses for each of the test periods. As can be seen, the coal analyses were quite 

consistent between each of the Phase 2 test periods. These results are also comparable 

to the coal analyses performed during Phase 1; Table 6-3 compares the 95% confidence 

intervals computed using all of the data for each of the two phases. Carbon content and 

heating value were slightly higher during Phase 2, while sulfur, ash and oxygen were all 

slightly lower. The confidence intervals for the other parameters overlap. 

6-1 



6-2 



6-3 



$ 

60 

E 
SJ 40 

*g 
UI 

E 
u 

20 

0 
C H N S 0 Ash H20 

Constituent 

n Pwformancs 69 Long-term a Verification 

Figure 6-1. Average Ultimate Analysis Results for 
Coal Feed During Phase 2 (AOFA) Testing Periods 
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Table 6-3 

Comparison of Phase 1 and Phase 2 Coal Analyses 
(95% Confidence Intervals) 

Parameter Phase 1 Phase 2 I 
Carbon, wt% 72.03 f 0.39 73.59 f 0.048 

Hydrogen, wt% 4.69 f 0.03 4.69 + 0.11 

Nitrogen, wt% 1.44 f 0.02 1.44 f 0.02 

Sulfur, wt% 1.73 * 0.03 1.58 + 0.05 

Chlorine, wt% 0.039 f 0.005 0.045 + 0.006 

I Oxygen, wt% 5.70 + 0.16 4.70 k 0.27 

i Ash. wt% 9.93 + 0.012 9.25 + 0.23 
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6.2 Bottom Ash 

Bottom ash was analyzed for loss on ignition (LOI) as a measure of the 

completeness of combustion. The average results for Phases 1 and 2 are both plotted 

versus nominal load in Figure 6-2. As shown, the LO1 was higher during AOFA 

operation than during baseline testing. This is consistent with the results for the fly ash 

particulates presented previously in Section 4.1.2, indicating that’the coal combustion was 

not as complete with AOFA in operation. 

6.3 ESP Flv Ash 

ESP fly ash was analyzed for LOI, and samples were also subjected to 

resistivity measurements. 

Figure 6-3 presents the average LO1 values versus nominal load for both 

Phase 1 and Phase 2. These results show that the amount of unconverted material 

present in the ESP fly ash was higher during AOFA operation than it was during 

baseline monitoring. This overall conclusion is consistent with the LOI measurements 

made on other solid streams leaving the boiler, although the specific values obtained, 

especially at the 400 MW load level, are higher than those measured in samples from the 

other streams. 

The resistivity of the ESP fly ash samples obtained during Phase 2 testing 

were measured at a series of temperatures in the laboratory. The results for the ESP fly 

ash obtained during the 480 MWe, 50% AOFA tests are shown in Figure 6-4. Tests 

were also conducted at a single temperature in the presence of 2.1 ppm SC&; this 

concentration is representative of the SQ level measured in the flue gas. The data 

indicate that in the presence of the measured SO, concentrations, ESP performance 

should not be limited by fly ash resistivity. This is in agreement with the results obtained 

during Phase 1. 
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6.4 CEGRIT Flv Ash 

Grab samples of the tly ash in the furnace backpass were collected using 

the on-line CEGRIT Samplers. These samples were analyzed for LOI; the mean values 

at each load level are presented graphically in Figure 6-5. For comparison purposes, the 

mean values from Phase 1 are plotted on the same graph. The data show that the LOI 

measured in the CEGRIT fly ash was higher during AOFA operation than during the 

baseline testing. This is consistent with the LO1 measurements made on other solid 

streams leaving the boiler. The highest LO1 level was reached at a load of 400 MW; this 

was also the case with ESP fly ash. 
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7.0 QUALITY ASSURANCE AND QUALITY CONTROL 

The environmental monitoring plan for the Plant Hammond Clean Coal 

project includes, as an appendix, a quality assurance/quality control plan. That plan 

describes procedures for producing acceptable data, including: 

. Adherence to accepted methods; 

. Adequate documentation and sample custody; and 

. Quality assessment. 

This section presents the results of each of these QA/QC procedures 

performed during Phase 2 testing. 

7.1 Adherence to Acceoted Methods 

The sampling and analytical methods specified by the Environmental 

Monitoring Plan and used during Phase 2 are summarized in Section 3.0 of this report. 

As discussed in Section 3.0, there were no deviations from the procedures 

specified in the Environmental Monitoring Plan during Phase 2. 

7.2 Adeauate Documentation and Samole Custody 

At Plant Hammond, documentation and sample custody procedures that 

are part of the existing compliance monitoring programs have been approved by the state 

regulatory agency and are followed during EMP activities. Documentation is reviewed 

during audits of both compliance and supplemental monitoring. 

Procedures for documentation and sample custody for supplemental 

monitoring were reviewed as part of a Technical Systems Audit conducted by Radian 
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Corporation from July 11 to 13, 1990, during the Phase 2 performance testing period. 

The audit included activities of Spectrum Systems, Inc. (the CEM); ETBC (coal and ash 

sampling); and SoRI (outlet gas sampling and analysis). A report containing the detailed 

results of this audit was prepared and included in the Quarterly EMP Report for the 

period July - September 1991. This audit found no major problems, but informal 

recommendations were made for improvements in the sample tracking system for coal 

and ash samples that are sent off-site for analysis. A follow-up to this audit, conducted 

in March 1991, found that these recommendations had been successfully implemented. 

7.3 Oualitv Assessment 

Quality assessment is provided by the collection and analysis of replicate 

samples and “blind” audit samples. That is, the results of these analyses provide the 

basis for estimating precision and accuracy for the parameters measured. 

During Phase 2, replicate samples of the coal feed were collected and 

analyzed as summarized in Table 7-1. The results show that with one exception (i.e., the 

samples obtained on March 5, 1991) satisfactory accuracy (as measured using the 

coefficient of variation, defined as the sample standard deviation divided by the sample 

mean) was obtained for nearly all of the ultimate/proximate analysis parameters 

measured under the EMP. As expected, the results were not as good for chlorine, which 

is present at very low concentrations. 

An audit set of two samples of coal and two samples of ash were submitted 

to the Georgia Power laboratory for analysis as a “single blind” along with the other 

samples collected on July 13, 1990. Because the coal audit samples were misplaced in 

transit (this was before the sample custody procedures were implemented), another set of 

coal samples was submitted in March 1991. The results for the ash samples, which were 

analyzed for LOI, and the coal samples, which were subjected to proximate and ultimate 

analyses, are presented in Tables 7-2 and 7-3, respectively. The results for both the ash 
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Table 7-1 

Summary of Replicate Samples for Supplemental Monitoring 
(Coal Feed Only) 

07/10/90 5.07 72.74 4.74 1.38 0.064 1.77 9.75 l&895 
Perfomlaocc 4.95 72.16 4.54 1.49 0.040 1.71 9.76 E&914 
5% cov 1.20 0.40 2.16 3.83 25.93 I.72 0.05 0.07 

07/14/w 6.63 73.30 4.80 139 0.047 1.59 a.24 l3.039 
Performance 6.16 72.85 4.53 1.44 0.030 1.60 8.30 wJ@ 
% cov 3.67 0.31 2.89 1.77 22.08 0.31 0.36 0.19 

07/18/90 4.11 73.37 4.72 1.49 0.029 155 10.01 em 
Performance 4.17 73.46 4.58 1.52 0.020 1.56 9.86 l3Jl2 
% cov 0.72 0.06 1.51 ml 18.37 0.32 0.75 0.06 

07/24/X 2.42 74.97 4.91 1.46 0.03 1.44 9.83 l3.361 
Pcrfonnancc 2.06 75.80 4.86 1.57 0.01 1.44 9.30 l3.454 
% cov 8.04 0.55 0.51 3.63 50.00 0.00 2.77 0.35 

03/05/m 1.75 82.63 1.96 1.07 0.04 0.63 9.68 13,043 
Pcrfomlance 2.74 70.58 4.69 152 0.03 1.80 8.68 12,325 
% cov 22.05 7.87 41.05 17.37 14.29 48.15 5.45 2.83 

COV is the coefticient of variation, deftned as (Standard Deviation/Mean) x 100 percent. 
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Table 7-2 

Performance Audit Results for LO1 in Fly Ash 

Recovery = Rcmrtcd Value x 1~vo 
Audit Value 

Table 7-3 

Performance Audit Results for Coal Analysis 

II Carbon I 83.44 1 82.63 1 99.0 72.68 t 7058 1 97.1 11 

II Hvdronen I 2.11 1 1.96 I 92.9 I 5.23 I 4.96 1 94.8 11 

II Nitmxm 1 0.92 1 1.07 1 116.3 1 1.52 1 152 1 100.0 11 

II Chlorine I 0.03 I 0.04 I 133.3 I 0.04 I 0.03 I 75.0 II 
II stdfttr 1 0.63 1 0.63 / 100.0 I 1.95 I 1.80 1 923 II 

II Ash 1 10.76 1 9.68 1 90.0 I 9.10 t 8.68 1 95.4 iI 

II OXVLXX 1 2.11 1 2.29 1 108.5 I 9.48 I 10.0 1 105.5 II 

II HHV. Btu/lb I l3.079 l3.043 99.7 12941 I 12325 I 95.2 11 

Recovery = Rctmtcd Value x 100% 
Audit Value 
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and coal samples indicated acceptable accuracy, as measured by analyte recovery. 

Recoveries within the range 80-120% were obtained for all analytes except chlorine, for 

which less accurate results can be expected because of its low concentrations in the coal. 
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8.0 COMPLIANCE REPORTING 

During Phase 2, which began on May 23, 1990 and ended on February 28, 

1991, compliance reports were submitted by Georgia Power Company to the 

Environmental Protection Division of the Georgia Department of Natural Resources, in 

accordance with the requirements of Unit 4’s air operating permit (No. 4911-057- 

5011-O), as amended; and of Plant Hammond’s NPDES permit (GA0001457). The air 

operating permit was amended effective February 2, 1990, to account for the AOFA 

system and the low NO, burners. 

The air operating permit requires the monitoring of coal feed composition 

(i.e., sulfur, ash, moisture, and heating value), particulate matter emissions (as total 

particulate loading), and opacity. The NPDES permit requires that the pH and 

concentrations of suspended solids and oil and grease be reported for various aqueous 

discharge streams. 

Copies of the compliance reports have been included as appendices to the 

quarterly and annual EMP reports for this project. 
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9.0 CONCLUSIONS 

The following conclusions were drawn as a result of the data presented in 

this EMP Phase 2 Report: 

. AOFA operation resulted in decreased NO, emissions from Unit 4, 
compared to the baseline testing conducted under Phase 1. Based 
on the analysis of the long-term test data, an average reduction of 
about 24% was obtained while operating at high loads (460-490 
MW), while the reduction decreased to about 12% when operating 
at a load of 300 MWe. 

. AOFA operation resulted in increased levels of LO1 and carbon, 
indicative of a small decrease in overall coal utilization compared to 
baseline operation. The observed impact was smallest for the 
bottom ash, while the loss on ignition (LOI) and carbon content of 
the fly ash increased by nearly a factor of two compared to baseline. 
The LOI appeared to consist primarily of unburned carbon. 

. Carbon monoxide emissions also increased relative to baseline until 
the excess oxygen levels were raised. During long-term testing, 
lower carbon monoxide emission rates were observed than during 
baseline testing. 

. Generally low levels of total hydrocarbon (THC) emissions were 
found during Phase 2 long-term testing (0.0005 to 0.002 lb/MMBtu). 
No clear trends in the level of THC emissions as a function of 
operating conditions were apparent. 

. Sulfur dioxide emissions during both Phases 1 and 2 were 
comparable. No trends were observed in SQ emission rates versus 
operating conditions. Although SQ emissions can be expected to 
vary with coal sulfur content, the large data scatter and the small 
variation in coal sulfur content made it impossible to verify the 
existence of a relationship. 

. AOFA operation did not appear to have any impact on the ratio of 
SO, to SQ- concentration relative to baseline operation. It did not 
appear fo have an impact on the resistivity of the fly ash entering 
the ESP. Based on these factors, ESP efficiency during AOFA 
operation can be expected to be similar to baseline operation. 
However, other variables such as increases flue gas flow rate may 
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impact the ability of the existing ESP to control particulate 
emissions and/or opacity, based on design capacity limitations. 

. Aqueous stream monitoring showed no exceedances of permit limits 
for any of the monitored parameters during the Phase 2 testing 
period. 
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APPENDIX A 

Phase 2 EMP Monitoring Data 

Summary Tables 
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Table A-l 

Economizer Outlet Gas Short-Term Test Results 

4011 30 I 4.1 I 697 1 omo 
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Table A-l (Continued) 
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Table A-2 

Preheater Outlet Gas Short-Term Test Results 
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Table A-4 

Preheater Outlet Gas Suifur Species 

Test 
NO. 

37 

38 

39 

40 

42 

AOFA AOFA Gas Temp., SQ,, Sq, Gas Temp., SQ,, Sq, 
Date Load %lI, Date Load %lI, Damper, % Damper, % Duet Duet deg. F deg. F wmv wmv ppmv ppmv 

7-10-90 7-10-90 480 480 6.4 6.4 7s 7s East East 271 271 1.2 1.2 1,035 1,035 
284 284 1.4 1.4 1,050 1,050 
282 282 1.5 1.5 1,050 1,050 
286 286 1.8 1.8 1,056 1,056 

7-11-90 7-11-90 480 480 7.2 7.2 75 75 west west 266 266 2.1 2.1 855 855 
266 266 2.9 2.9 868 868 
267 267 3.2 3.2 871 871 
268 268 3.4 3.4 883 883 

7-12-90 7-12-90 400 400 7.2 7.2 50 50 west west 242 242 1.7 1.7 800 800 
242 242 2.0 2.0 810 810 
243 243 2.1 2.1 818 818 
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Table A-5 

Preheater Outlet Gas PM Loading 

2.8654 
3.1644 

45 480 0 7.3 2.6392 
2.9982 
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Table A-6 

Preheater Outlet Gas Carbon and LO1 
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Table A-7 

Preheater Outlet In-Situ Ash Resistivity 
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Table A-7 

(Continued) 
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Table A-8 

Coal Feed Proximate/Ultimate Analyses 

orlum 

OwP 

WP4lca 

WD4P3 

Wll4ml 

WD4B 

orlrsm 

@mwJ 

WWJ 

W/16/90 

WW33 

WD7P-J 

wn7m 

Wl17P3 

07/1WJ 

WPVQ 

WlllllPO 

maI 

zul 

OK0 

lwl 

zam 

am 

mm 

ma, 

mLl 

elm 

mm 

ml0 

Ilm 

LKm 

05ca 

Ian 

1200 

1636 

616 

5.46 
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Table A-8 (Continued) 

&O. c H,:. N; ‘Q s; k& 0, m, 
TestNo. Date Time wt% WI% wl% wt% wt% wt% wt% WI% Bb/lb 

ti LONG-TERhlTETS 
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Table A-9 

Bottom Ash LO1 Data 
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Table A-10 

ESP Fly Ash -- L01 Analyses 
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Table A-11 

CEGRlT Fly Ash LO1 Data 

&3 MJd+m laol47.5 487 50 3s 9.43 358 

4% lS-JUKQ 1430-m-5 4.69 1 3s 7.19 323 

hog-Term Tar 

lmg Tcsm 10/17190 c6za4335 19 143 

ImgTam LO/MP 0730-1430 3.79 1.94 
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Table A-11 (Continued) 
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Table A-12 

Long-Term Stack Gas Monitoring -- Daily Averages 

co co IlK IlK 

Avenge Avenge PlnV PlnV 
- - Lad, Lad, 4. 4. NO. NO. =a =a 

w= w= DU DU Mw Mw KdC lb/Mbmu KdC lb/Mbmu lb- lb- 

4 4 17-Od-w 17-Od-w 463.129 463.129 6.857 6.857 0.990 0.990 1.722 1.722 11.144 11.144 O.OO?V O.OO?V 0.003 0.003 0.0000 0.0000 

5 18-O&90 448.273 6.874 l.wB 1.730 8.770 O.WJ76 O.CUl O.CCikl 

10 23-Ott-% 446.628 7.071 0.973 Mz4 16.144 0.0140 1.297 O.wo6 

11 2&0R-90 410.708 7.767 0.964 1.751 8559 om74 1.346 o.wO7 

12 25-OR-W 425.915 7.128 0.920 1.854 9.685 O.WJ84 0.375 o.om2 

13 26OCl-90 388552 7.261 0.926 1.738 8.884 0.0077 0.225 o.mx 

14 27-0~1-90 433.713 6.868 0.937 1.892 11.460 0.0100 0.462 O.@lO2 

1 ZLOct-W ] 447.277. ) 6587 1 0.946 ) 2333 1 

16 29-oa-90 466.646 6.190 1.009 2305 7.635 O.O%d 0.600 0.0303 

17 3C!-OCb90 472.086 6.419 1.040 1x3 8.1% O.anl 0.884 O.CllO4 

20 02.NW-go 443.859 6.989 0.847 1.744 14.744 0.0128 17.626 0.00% 

-ii 1 C&NW-% 1 445.675 ( 6.398 1 0.880 1 1.767 1 11.603 ( 0.0101 I~~-&,13 

25 1 W-Nw-W ( 430.631 1 6.338 ( 0.866 1 1.927 1 11.1’70 1 O.C”,97 1 2.393 ( 0.0012 

26 OS-NOV-90 424.646 6.395 0.871 1.673 8.9a5 0.0077 1.603 O.Mo8 

27 09.NW-90 427.357 6337 0.891 1.623 7.601 O.OM6 2.145 O.alll 

28 lLLNav-90 410.159 6.315 0.777 2237 113% 0.0099 3.263 0.@316 

30 12-Nov-90 452.2n 6507 0.780 2334 12.m o.om 10.721 om53 

31 13.NW-% 451.w 6592 0.874 2.052 10.912 o.Ow5 4&n 0.0020 
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Table A-12 (Continued) 

II 42 24-NW-W 438505 6.386 0.885 1x6 10.893 o.m5 1.221 O.WJb 

43 25-NO-90 453.814 6.357 0.941 1.734 10.440 o.rN91 1m O.WOb 

44 26NW-90 463.053 6.x56 0.950 1.689 9.091 0.0079 1.211 O.OWb 

45 27-NW-‘% 448.265 6.846 2.M4 3.309 0.0029 0.498 O.OW2 

, 
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Table A-12 (Continued) 

51 03.De&l 394.746 7.025 0.884 1578 20.741 0.0180 0.752 O.OOM 

52 W-DC&Q 360.144 6552 0.803 2.027 21.662 0.0188 0.816 O.@Bl 

53 MDeC-90 447.750 5.928 0.871 1.950 8.902 O.M77 0.lD-J 0.0000 

54 O&DcC-Wl 470589 5.106 0.845 2.232 8.291 0.0072 0.03, O.WUl 

55 ( 06Dec-90 ( 4@4.6@, 1 6545 1 0.906 1 2.189 1 10.074 1 0.W 1 2.667 1 0.0013 

56 O&DCZ-90 422.729 7.220 0.982 2321 12.095 0.0105 1.312 O.&l07 

57 09-Dec.90 460.427 6.772 1.083 2x5 18.895 0.0164 1.267 0.0X6 

58 l&Dec-W 449.m7 6.818 1.069 2.296 12.021 0.0105 0.631 0.0303 

59 1 ll-Dee-90 1 454560 1 6.391 1 1.045 1 2.093 1 10.014 ) 0.0087 1 0.m 1 0.m 

60 12.Dee-90 416570 7.X6 Lo23 2.111 11.932 ~0.0104 O.UJl O.OlWl 

61 I?-DCC-90 434.039 7.310 1.092 2.164 8.403 0.0073 O.ooO O.woO 

bb 1%DC+W 248.407 9.371 0.916 2527 9.485 o.om2 4.482 O.W22 

70 1 22.Dee-W 1 U8.249 1 7.635 1 0.839 1 2.619 1 7.303 1 0.0X4 1 4.ml 1 ~mii 

71 TS.DCC-W 366.436 8.033 0.948 2384 3.795 0.0033 0.001 O.WOO 

72 24-DCC-90 376.099 8.113 0.948 2352 65% o.aJ57 0.434 o.mO2 

89 l&Jan-91 290.708 6.978 0.704 1581 14.826 0.0129 5.136 O.W26 

98 19.Jan-91 262.088 7.640 0.848 2.132 13JOO 0.0117 1.354 O.NW7 

99 2O.Jan-91 221.410 8.212 0.871 2.124 10.201 o.Om9 I.416 O.CUl7 

ml 21.Jan-91 3X.620 7.316 OS78 2.098 14AT) 0.0126 1575 O.WC9 
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Table A-12 (Continued) 

co l-EC. 

L-4 lbl 
Dot.9 Mw ToI% wMhlFlln IbMUBhl 6JG, htMmJ MM%lu 

101 22-Jan-91 346.033 7574 0.926 1.996 12535 0.0109 I.353 O.WW 

102 2%Jar,-91 356.019 7.833 1.035 2.w 7.207 o.cw63 mm o.Om9 

103 24-Jim-91 373.444 7.311 0.948 2247 7.750 o.Oc47 1.347 0.0007 

II lo4 I 351.180 ( 7.015 1 0863 1 2.2n ( 14.447 1 o.ot26 ( 1.311 I o.ooo7 II 

116 Ct.-Fcb-91 358.253 6.983 0.883 2.m 21.cuJ8 0.0183 3.959 0.0020 

117 07-Feb.91 310.369 7.402 0.934 2.207 6.379 o.Oa55 3.018 o.mu 

118 C&Feb-91 m2.718 7531 0.921 2.195 6.141 o.cQ53 2.763 0.0014 

I I 119 O9-F&91 1 286327 1 7.113 1 0.885 1 2.146 1 7392 1 OSOC.4 ( 2.223 1 O.ONl 

120 lO.Feb-91 252587 8.232 0.9s7 2.074 6392 0.005b 2.412 om12 

121 II-Feb.91 347.735 8.025 0.983 2.186 19.066 0.0166 2.814 o.al14 

122 12.Feb-91 346.304 8.646 0.946 2.203 11.679 0.0102 2.399 O.Ml2 II 

315.152 8.492 0.971 1.941 8.658 ‘O.&-l75 2.628 0.0013 

124 ,4-Feb-9, 304.094 8.714 0.911 1.970 7593 O.@%b 1.666 O.OlW 

125 15.Feb.91 327.714 9.048 1.0% 2.ctx 7.058 om61 1535 ON08 

127 17-Feb-91 282.946 9.466 0.945 1.m 5.678 o.M49 1580 O.OOCO 

1M 20-Feb-91 318.147 8.7% 0.861 2.216 23.852 0.020’) 5.665 0.0328 

131 21.Feb-91 299.~0 8.824 0.818 2.044 15.999 0.0139 3.364 am17 

133 SFeb-91 263.918 9.?54 0.878 2.4% 25.850 0.02% 2.175 o.mii 

134 24-Feb-91 259.651 8.921 0.913 2.398 7.027 0.0061 1595 O.OOQl 
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Table A-12 (Continued) 

‘Note: Only days rilb at least 18 hourr cd v-did monim~ng dam am inchdrd 
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